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This is anOpeAbstract – The project CONFIDENCE (COping with uNcertainties For Improved modelling and
DEcision making in Nuclear emergenCiEs) performed research on identifying and reducing uncertainties in
the release and post-release phases of an emergency. The project started in January 2017 as part of the
European Joint Programme CONCERT. It brought together 31 partners from 18 countries and involved
members of five European Radiation Protection Platforms namely ALLIANCE, EURADOS, MELODI,
NERIS and SHARE. The work program included research on early phase modelling and monitoring
considering weather, source term and monitoring uncertainties. Consideration of social, ethical and
communication aspects was a key part of our activities. This comprised strategy development in the
transition phase together with stakeholder interaction, understanding of the population and which
uncertainties are relevant for decision-making. Finally, formal decision aiding techniques were investigated
and tested.
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Radiation Protection (RP) research has a long lasting
tradition in the Euratom Framework. In Horizon 2020, the
funding mechanisms changed and a European Joint Program-
ming project was awarded to advance RP; the CONCERT1
project started in May 2015. A substantial part of the project
resources were allocated to open calls to tackle highly ranked
topics in RP research. Two calls were envisaged taking into
account priorities defined by consultations with stakeholders,
beneficiaries of CONCERT and the Radiation Protection
Platforms. For the first call, two topics were identified:
1 Improvement of health risk assessment associated with low
dose/dose rate radiation;2 Reducing uncertainties in human and ecosystem radiologi-
cal risk assessment and management in nuclear emergen-
cies and existing exposure situations, including NORM.ding author: wolfgang.raskob@kit.edu
w.concert-h2020.eu/en.
nAccess article distributed under the terms of the Creative CommonsA
unrestricted use, distribution, and reproduction in any mFollowing the evaluation by external reviewers, three
projects were funded, among them CONFIDENCE.
The key objective of CONFIDENCE was to understand
and if possible reduce uncertainties relevant for decision-
making in the threat, response and transition phases of an
emergency (Fig. 1).2 Work plan
The overall budget summed up to 6 201 026 € with an EC
contribution of 3 252 487 €. The rather low contribution of the
EC shows the high importance of that topic as several
organisations joined without receiving money from the EC.
Starting first of January 2017, the project was completed by
end of December 2019. Thirty-one partners from 18 countries
contributed to the research deliverables (see Fig. 2).
CONFIDENCE aimed to improve decision-making for the
protection of the population affected by nuclear emergencies
and to minimise disruption of normal living conditions. This
was to be achieved through the reduction of uncertainties,
where practicable, and the development of approaches to
deal with uncertainty information. CONFIDENCE used attributionLicense (https://creativecommons.org/licenses/by/4.0), which permits
edium, provided the original work is properly cited.
Fig. 1. Phases of a nuclear or radiological emergency (adapted from NERIS, 2019).
Fig. 2. CONFIDENCE partners.
2 W. Raskob et al.: Radioprotectionmultidisciplinary approach dealing with all aspects regarding
the radiological situation following an accidental release,
from the prognosis of dispersion and its spatial-temporal
evolution, to the offsite consequences, and the decision
making to select, implement and evaluate remediation
strategies, including the viewpoints of stakeholders. There
was an aim that some of the innovative software solutions to
be developed by CONFIDENCE should be integrated into
Decision Support Systems (DSS) for operational use in the
nuclear emergency management. These revised DSS would
then be used to develop scenarios key within CONFIDENCE’s
work plan. The project was subdivided into six interlinkedworkpackages (WP), with an additional E&T WP, to achieve the
following objectives:
– Tackle uncertainties in the pre- and early release phase of
the accident, by: (i) identifying and ranking the main
sources of uncertainties; (ii) characterizing and quantifying
their effect on simulation results (e.g., activity concen-
trations, dose assessment, reference levels); and (iii)
proposing practical solutions to better take into account
these uncertainties in an emergency response context
(WP1);– Develop comprehensive software tools for the quick and
efficient assessment of cancer risk to affected populations
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process (WP2);– Develop approaches and tools integrating external and
internal dosimetric monitoring data to obtain a compre-
hensive picture of the radiological situation and link it with
dose simulations and risk assessment tools to support
decision making (e.g. for medical screening needs) (WP2);– Improve the capabilities of radioecological models used to
predict activity concentrations in foodstuffs and to better
characterise, and where possible, reduce uncertainties
(WP3);– Engage national stakeholders to improve the preparedness
and response in the transition phase, and to identify and
reduce the uncertainties in the subsequent management of
the long-term exposure situation, reflecting requirements
from the new European Basic Safety Standards (WP4);Fig. 3. Interdependencies of work packages of CONFIDENCE.– Identify social and ethical issues related to uncertainty
management in emergency and post-accident situations
and clarify how stakeholders at the various levels deal with
uncertainty in their decision making processes (WP5);– Support and improve communication of uncertainties
(WP5 and WP6) and facilitate robust decision making
taking into account the variability of the radiological
situation and decision makers’ preferences (WP6);– Develop training courses and educational material for
professionals and students related to the issues and
activities addressed in CONFIDENCE (WP7).2 https://euranos.iket.kit.edu/.With the identification and quantification of uncertainties
in the early phase, we aim to propose for the first time a
comprehensive methodology for managing them in the
decision making process supported by enhanced DSS.
Improved dose monitoring data together with their assimila-
tion with simulation results might allow a better on-going
analysis of the radiological situation. Risk assessments, in
particular for critical groups, will support early estimation of
the need for longer-term medical care and monitoring.
Improved radioecological models should reduce uncertainties
in predictions needed for developing management options for
food production systems. The aim was for outputs of work
packages 1–3 to be integrated into a DSS where feasible during
the course of the project.
3 Challenges and opportunities
When setting up the works program it became obvious that
integration of the six research work packages was key for
success (see Fig. 3).
Of particular importance was to link results achieved in the
first three simulation based works packages (WPs) to the last
threeWPs that were mainly addressing methodological aspects
but needed to use results from the first thee WPs. To deal with
this early in the project, we used results from the first
investigations as input to the discussions in WP4 to WP6.
Another issue was the organisation of the national panels in
WP4, WP5 and WP6. As topics were overlapping, e.g. the
multi-criteria decision aiding (MCDA) approach under
development in WP6, the panels of WP4 and WP5 should
use results from WP1. The number of panels had to be
discussed early in the project. Stakeholder resources arelimited and we did not want willing stakeholders to be asked to
participate in too many panels and meetings.
CONFIDENCE is a research project; research projects
should improve preparedness and response to radiological and
nuclear emergencies (needs that were clearly identified
following the disasters of Chernobyl and Fukushima).
JRODOS (see e.g. Ehrhardt and Weis, 2000; Ievdin et al.,
2010) emerged from the European project EURANOS2 (2004–
2009) and is now installed and operationally used in more than
20 countries worldwide. CONFIDENCE aimed to develop
operational guidelines for practitioners and national institu-
tions involved in emergency management and long-term
rehabilitation. Simulation models and approaches developed
within WP1-3 were implemented, at least as prototypes, in
DSS (and tools that are applied at the national level).
As decision making in case of an emergency is very
challenging, multidisciplinary research activities is crucial.
CONFIDENCE brought together institutions from five RP
platforms namely, ALLIANCE (http://www.er-alliance.eu/),
EURADOS (http://www.eurados.org/), MELODI (http://
www.melodi-online.eu/), NERIS (http://www.eu-neris.net/),
and SHARE. This allowed us to tackle the most important
research questions in an integrated way. It also demonstrated
the spirit of CONCERT to integrate the various RP platforms
under one research project regarded as important by stake-
holders, beneficiaries and scientists.
Before our project, uncertainties in the decision making
processes (with respect to nuclear emergencies) were not
seriously investigated. Sensitivity studies (see e.g. Tarsitano
et al., 2005; Ikonen et al., 2012; Girarda et al., 2014) were
performed in many disciplines and for many different
simulation models used in the RP area. However, investigating
the key uncertainties in the decision making process itself was
not done. Integrating the many disciplines and numerous
stakeholders from different levels (local to national and even
international) gave us the opportunity to tackle the many facets
of the problem. The large number of partners, stakeholders and
RP platforms allowed immediate dissemination of our results.
This was backed up by a comprehensive education and training
program developed within works package 7.
Fig. 4. Example meteorological ensembles representing wind speed
at two heights (10m and 250m).
4 W. Raskob et al.: RadioprotectionNotwithstanding the many challenges identified in the
beginning of the project, the opportunities provided by
CONFIDENCE, when accepted by the end users, have the
potential to progress significantly decision-making in nuclear
and radiological emergency management and long-term
rehabilitation –when finally adopted by the end users.
4 Main achievements
This section briefly describes the main research questions
and key findings aiming to direct the interested reader to the
sections in this special issue that explain the results in much
more detail.
4.1 WP1 research questions
The following research questions were addressed:
– What are the key drivers for uncertainties and how can they
be handled in simulation models?– Is the ensemble approach (realisation of a state by many
simulations with slightly different initial conditions)
appropriate to describe uncertainties from the key drivers
and how can these uncertainties propagated through
atmospheric dispersion to dose and food chain models?– Does the application to hypothetical accidents in Europe
(Norway, theNetherlands) show thebenefit of our approach?– What is the result when comparing the simulation models
with data from the Fukushima accident?– How do we use the ensemble approach in a timeframe
compatible with emergency response?4.2 WP1 key findings
The main findings can be summarised as follows (see S.J.
Leadbetter et al., 2020 and follow on from section EARLY
PHASE MODELLING):
– Key driver for uncertainties in the input data for
atmospheric dispersion calculations are wind direction,
atmospheric stability, source term, and start of release;– The ensemble approach was used to describe uncertainties.
Ensembles of numerical weather prediction (see Fig. 4) as
well as ensembles of source terms were used in many
different scenario calculations to estimate the uncertainty
in air and ground concentration and dose results. Scenarios
with contributions from up to seven model groups were
executed for hypothetical accidents in Europe (Norway, the
Netherlands);– One exercise with comparison of model results with data
from Fukushima demonstrated the applicability of the
uncertainty bands;– Results of the many ensemble runs were propagated
through dose and foodchain calculations, and thus covering
all key simulation components important for early
decision-making;– Operational guidelines were developed.4.3 WP2 research questions
WP2 addressed the following questions:
– How to combinemodel results andmonitoring information?
Can this be achieved via data assimilation approaches?– What are the uncertainties in mobile and stationary
monitoring systems and how do we improve monitoring
strategies?– Health risk assessments are not part of a DSS – but can this
functionality be developed and made available early in an
emergency?– Are “Apps” that enable dose-rate measurements using the
camera sensor of the smartphone fit for purpose?– What are the key improvements needed for internal and
external dosimetry?– Canwe apply biodosimetric approaches, primarily designed
for high doses, with emergency response?4.4 WP2 key findings
The main results can be briefly summarised as follows
(seeM. Bleher et al., 2020 and follow on from section
UPDATED RADIOLOGICAL SITUATION):
– Combination of model results and monitoring information
via data assimilation approaches is a promising method to
improve the operational picture in the early phase;– A model to support individual dose estimations has to be
developed;– A software for health risk assessment was developed taking
into account the uncertainty of the dose estimation of the
DSS or the uncertainty of the individual dose measurement
technique. Results are available for decision-making but
require further discussion on their usability;– Apps that enable dose-rate measurements using the
camera sensor of the smartphone have been evaluated in
reference fields; only one seems to be appropriate for citizen
monitoring;– A prototype of a data processing unit for thyroid dose
monitoring using a smartphone app has been developed;– Sensitivity analysis associated to thyroid doses after intake
of radioiodine completed;– Electronic components in smartphones can be used to
measure the dose due to external exposure (> 20mGy);– Workshop on biodosimetry and needs of emergency
response was performed and recommendations developed
(Fig. 5).
Fig. 5. Scheme to improve the operational picture and assessment of
doses and risk to the population.
Fig. 6. Spraying 131 I onto crops (Photo: NMBU).
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The following research questions were addressed in WP3:
– Is there a need for improving model databases, including
through experimentation?– Can we close gaps in the databases by using “phylogentic”
models?– Are soil-plant process-based models fit for purpose?
– How do we address radioactive (or “hot”) particles in
foodchain models?4.6 WP3 key findings
The main findings can be summarised as follows (seeN.A.
Beresford et al., 2020 and follow on from section FOOD-
CHAIN IMPROVEMENTS):
– Key parameters of operational radioecological models
have been identified and data collected;– Data for Mediterranean ecosystem have been collected;
– It was demonstrated, that root uptake for I-131 is not
important;– Process based models for strontium and caesium were
developed and assessed and required improvements identi-
fied;– Comparison between commonly used empirical ratio based
radioecological models and soil-plant process-basedmodels
demonstrated the adequate performance of empiricalmodels
in the early phase of an emergency and the benefits of
adopting process-basedmodels in the longer-termwhen root
uptake is the dominant process determining radionuclide
activity concentrations in crops;– The need to consider plant uptake from radioactive
particles is minimal, however, not considering radioactive
particles in the longer-term may underestimate dose
(Fig. 6).4.7 WP4 research questions
WP4 performed research on the following questions:
– Which type of uncertainties are important during the
response management and planning for the recovery in the
transition phase of a nuclear emergency?– How to develop scenarios useful for the preparedness for
the post-accident recovery that involves stakeholders in the
decision making process?– Do decision-oriented scenario-analysis allow identifica-
tion, evaluation and optimisation of countermeasure
strategies by involving stakeholders?– How to identify important attributes and criteria for
defining countermeasure strategies?– Can we develop a “default” set of attribute/preference
values that might be used in the decision making process
with formal tools such as MCDA?– What will be the recommendations and proposals for best
practices in the decision making process from stake-
holders’ panels?4.8 WP4 key findings
The main results can be summarised as (see T.
Charnock et al., 2020 and follow on from section DEVELOP-
MENT OF COUNTERMEASURE STRATEGIES INVOLV-
ING STAKEHOLDERS):
– Greater understanding of the sources of uncertainties in
model predictions of residual dose from external exposure
of radionuclides deposited in the urban environment was
achieved, allowing to develop recommendations for both
the use of currents models (e.g. ERMIN) and also for their
future development;– A review and analysis of the uncertainties affecting the
knowledge on the transfer and fate of radionuclides along
different components of agricultural systems and their
response to recovery actionswas accomplished.Approaches
to dealwith such uncertainties and to providemaps andother
information to help preparedness for the recovery were
developed;– Decision-oriented scenario-analysis clearly demonstrated
its added value and allowed us to identify, evaluate and
optimise countermeasure strategies by involving stake-
holders (see Fig. 7);– The workshops and the Delphi study with stakeholders
from different European countries resulted in a set of
preference values that could be used in formal decision
aiding tools, in particular the MCDA;– Recommendations were developed for different facets
when developing strategies under uncertainties.
Fig. 7. Results from national stakeholders’ surveys realised under the
study Delphi related to the main objective of a recovery strategy.
Fig. 8. Study on compliance with advice from authorities.
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The following questions were addressed by WP5:
– Can we identify social uncertainties from analysing past
events (e.g.Chernobyl, Fukushima, Fleurus, Asco, Tricastin
and Krsko)?– What are the expected behaviour and information needs of
the public?– What can we learn from observing emergency exercises?
– Do mental models help us to understand the processing of
uncertainties by experts and the general public?– What are stakeholder preferences at the local level?
– What are key uncertainties when discussing strategies at
the international level?– How to best communicate uncertainties (e.g. maps, SMS
text)?4.10 WP5 key findings
The main results can be summarised as (see C. Turcanu
et al., 2020 and follow on from section SOCIAL UNCER-
TAINTIES):
– Analysis of social uncertainties from past events was very
useful to identify common patterns;– Studies on expected behaviour and information needs
demonstrated the need to refine emergency planning and
communication to the public (see Fig. 8);– Observation of emergency exercises identified key
uncertainties that play a role in decision making of
authorities and the general public;– Development of mental models were useful to understand
processing of uncertainties by different groups (e.g.
population, experts);– Studies on stakeholder preferences at local and interna-
tional levels helped in defining “dignified living con-
ditions”;– Probability maps in the early phase were appreciated by
decision makers;– Communication of uncertainties is important and some
guidelines were derived.4.11 WP6 research questions
WP6 worked on the following questions:
– Can we expand formal decision aiding tools such as
MCDA to deal with uncertain input?– How to visualise uncertainties and identify output for a
DSS as suitable for decision making?– Is it possible to apply preferences and strategies, generated
in other work packages, as input for the MCDA in decision
making workshops?– What is the benefit of Agent Based Simulation models
(ABM)? Can they help to better understand the importance
of the negotiation process?– Which negotiation schemes can be implemented and is this
possible to represent the negotiation process in different
countries?4.12 WP6 key findings
Main results can be summarised as follows (see S. French
et al., 2020 and follow on from section DECISION MAKING
UNDER UNCERTAINTIES):
– The MCDA tools was enhanced with uncertainty handling
(see Fig. 9);– Preferences and strategies, generated in other work
packages were successfully applied to the MCDA in
stakeholder workshops;– Visualisation methods for presenting probability maps to
decision makers were tested;– Robustness indicators were developed to help decision
makers in using appropriate results from a DSS;– An ABM model was developed to investigate the decision
making process in more detail;– The ABM model was tested with different negotiation
schemes to better understand the negotiation process
resulting in priority setting by voting;– It was also applied to different compositions of decision
making teams as indicated by a set of European countries
and allowed to study many aspects of composition of teams
and preference negotiations.
Fig. 9. Ranking of strategies with contribution of uncertainties of values and preferences.
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realised through WP7. Work performed there can be
summarised as (see T. Duranova et al., 2020 from section
CONFIDENCE):
– Development and performance of the training course “Use
of uncertain information by decision makers at the various
levels within the decision making process and its
communication” (see Fig. 10);– Development and performance of the workshop “Do
process-based models have a role in human food chain
assessments”;– Development and performance of the CONFIDENCE
course “Communication under uncertainty: Nuclear or
radiological emergencies, radiation protection and other
issues important to know for your (future) occupation”;– Performance of the CONFIDENCE Dissemination work-
shop with 88 participants.Fig. 10. Impression from training courses.5 Discussion and conclusions
As discussed in the above, CONFIDENCE was a first
attempt to deal with uncertainties in nuclear and radiological
emergency management and long-term rehabilitation in a
comprehensive way. We can state, that key uncertainties in
the decision making process were addressed and methods
identified that can improve the handling of uncertainties in
the different phases of an emergency. Reducing “technical”
uncertainties was regarded as important for parametrisation
of models and using state of the art tools, insofar as they can
help improve the understanding and awareness of the
situation and issues at stake to be addressed in each phase of
the emergency. Countermeasure strategy development with
the help of scenarios and formalised approaches turned outto be extremely valuable. National SH panels were very
useful to investigate how stakeholders process all the
information and confront with uncertainties, both technical
and derived from the different views and preferences of the
actors. In this sense, stakeholders’ panels showed that
dealing with uncertainty is not limited to try reducing it or
eliminating, but need exploring and negotiate with actors
involved the many possible ways of interpreting and solving
the problem.
During the project, in particular during the many
stakeholder panels, the need to reduce uncertainties was not
considered a priority by many stakeholders.
8 W. Raskob et al.: RadioprotectionIdentifying social and ethical uncertainties using obser-
vations, and mental and health behaviour models was a key to
understand why messages and communication has to be
framed in a particular way to assure, as far as possible,
that advice is understood and recommendations followed.
Communication of uncertainties in results of simulation
models or via other means was tested.
To convert science into practice, operational guidelines and
recommendations were developed that allow testing and
integrating of our results in national procedures. Implementa-
tion of results from CONFIDENCE in the operational
European JRodos system and national simulation platforms
assure that they can be further tested and refined in the future.
The MCDA tool that was developed here will be used in other
international projects and is freely available for download3.
This is needed as many of the approaches developed are new
and end users require training. The integrated training program
helped in this and disseminated key findings of the project to a
wider community. The immediate link with the RP platforms
allowed us to feed the results of CONFIDENCE into the
further development of the respective Strategic Research
Agendas of each platform.
We also have to state that CONFIDENCE has not solved all
issues related to uncertainties in the decision making process.
To illustrate this, we asked representatives of international
organisations (IAEA and ICRP), RP platforms (ALLIANCE,
EURADOS, NERIS, SHARE) and end users to provide their
view on the project and further research needs. Finally,
members of CONFIDENCE identified further research needs.
More details on these recommendations can be found in the
paper on “the way forward and research needs” (W. Raskob
et al., 2020).
Key messages from international organisations3–htResults obtained by CONFIDENCE and other related
projects will be important inputs to IAEA projects;– The international community should develop guidance
based on lessons learned in research on how to engage
stakeholders in decision making processes;– CONFIDENCE is directly related to the ICRP recom-
mendations on emergency exposure situations and existing
exposure situations post-accident;– Improvement in modelling and decision making clearly
contributes to better implementation of the recommenda-
tions;– The framework developed with the seven anthropologic
criteria of dignified living conditions is aligned with ICRP
values;– The health risk assessment tool developed in CONFI-
DENCE could be used to inform risk under emergency
exposure situation.Key messages from the platforms
– CONFIDENCE contributed to many challenges identified
in the SRAs of the various platforms and helped to answer
some, but not all questions;– Furthermore CONFIDENCE has raised further research
questions that have not been considered.tps://portal.iket.kit.edu/projects/MCDA/MCDA.html.Key messages from end users
– How do we keep databases, in particular of radioecological
models, up to date; does the IAEA compilation of data
summarised in “TRS472” (https://www-pub.iaea.org/
MTCD/publications/PDF/trs472_web.pdf) require updating?– The use of methods developed within CONFIDENCE
might help IAEA to support member states in stakeholder
engagement and societal investigations;– Further research is needed to better understand the general
public and provide better advise to them;– Stakeholder panels are needed to consider not only the
technical or scientific aspects (as can be considered in the
simulation models) that improve the understanding or
knowledge of the situation, but the complexity of the
relationships among the actors involved in the decision-
making confronted with their different views and
preferences. It is necessary maintain an active network
of stakeholders to assay the process of national dialogue
and to be prepared for whatever event. In particular,
international panels may help closing the gaps that could
exist at national level;– A lot of practical tools were developed within CONFI-
DENCE. There is the need for the operational community
to have access to this knowledge;– Need to maintain the tools and update them;
– Continuous training is important.Key messages from CONCERT and CONFIDENCE
– Source term and meteorological uncertainties have been
demonstrated to be of prime importance, but we are far
from having a proper quantification of these uncertainties
in an emergency context;– Combination techniques for prognostic results and
monitoring data should be improved;– Citizen monitoring and monitoring strategies are important
areas for future research;– Soil-plant process-based models are worth pursuing;
– It is necessary to go further in the techniques of analysis
of scenarios and in the participatory processes structured
with the stakeholders as they are crucial tools to cope
with the preparedness for response and post-accident
recovery;– CONFIDENCE recommendations highlighted the need to
develop a comprehensive approach which not only relies
on feedback following nuclear crises, but also considers
experiences from other catastrophes (e.g. natural disaster,
chemical and technological disaster, etc.). To that extent,
new collaborations should be created;– More in-depth research on citizens’ potential response to
nuclear emergency situations is needed;– Empirical research on, and testing of effective methods for
communication of uncertainties is the next step;– Improve decision model, e.g. by combining with Case
Based Reasoning, Multi Criteria Decision Analysis and
Evolutionary Algorithms;– Further develop and apply the training course “Use of
uncertain information by decision makers at the various
levels within the decision making process and its
communication” based on the CONFIDENCE Dissemina-
tion workshop outcomes and materials on a regularly level
complementary to the NERIS training courses.
W. Raskob et al.: Radioprotection 9CONFIDENCE has achieved results that were regarded as
important to enable the community to better deal with
uncertainties in the decision-making process. Integration of
some of the results in operational tools helps in further testing
them under operational conditions. However, what is missing,
but which is part of other H2020 research areas, is a large
demonstration project. With such a demonstration project,
one could collect all relevant stakeholders, explore the existing
tools, refine them if needed and provide something at the
end of the project that could be a standard for the whole of
Europe.
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